Farmers' knowledge and opinions towards bollgard II®  implementation in cotton production in western Burkina Faso by Sanou, Idrissa Rachid Edouard et al.
Contents lists available at ScienceDirect
New BIOTECHNOLOGY
journal homepage: www.elsevier.com/locate/nbt
Full length Article
Farmers’ knowledge and opinions towards bollgard II® implementation in
cotton production in western Burkina Faso
Edouard I.R. Sanoua, Godelieve Gheysenb, Bazoumana Koulibalyc, Caspar Roelofsd,
Stijn Speelmana,⁎
a Department of Agricultural Economics, Gent University, Belgium
bDepartment of Molecular Biotechnology, Gent University, Belgium
c Programme Coton, Institut National de l’Environnement et de la Recherche Agricole (INERA), Burkina Faso
d Science and Society department — Energy and Sustainability Research Institute, University Groningen, The Netherlands
A R T I C L E I N F O
Keywords:
Genetically modiﬁed
Bacillus thuringiensis
Biotechnology
Refuge area
Bollgard II®
Transgenic cotton
A B S T R A C T
In 2008, the commercial cultivation of Genetically Modiﬁed (GM) cotton (Bollgard II®) started in Burkina Faso.
The adoption rate increased rapidly in subsequent years to reach around 70% in 2014. Although some criticisms
were raised concerning the suitability of the technology for the farming system in Burkina Faso, the introduction
of transgenic cotton in the country was generally regarded as a great success. Despite this, during the 2016–2017
agricultural campaign, the government of Burkina Faso decided to suspend the cultivation of Bollgard II®. In this
context, this paper investigates farmers’ knowledge, perceptions, opinions and attitudes towards Bollgard II® as
well as their views on the recent decision to suspend its cultivation. Data was collected from 324 cotton farmers,
both growers of conventional and Bollgard II®. The results showed that the farmers surveyed had a poor
knowledge concerning the core concepts of biotechnology and Bollgard II® in particular. Moreover, the reg-
ulatory oversight of the implementation of the technology was found insuﬃcient, as illustrated by the lack of
compliance with prescriptions concerning refuge areas and pesticide treatments. Nevertheless, overall, the
farmers interviewed had a slightly positive opinion about the eﬀects on yield, income and their wellbeing. In
particular the reduction in pesticide treatments was perceived very positively by all respondents. Although the
study ﬁnds that the majority of farmers disagreed with the recent suspension of Bt cotton cultivation by the
government, it also makes clear that a thorough debate on the technology and its implementation is necessary.
Introduction
Cotton (Gossypium L.) is one of the most important cash crops in
West Africa and is a vital catalyst to economic development in the re-
gion [1]. In Burkina Faso, despite the recent reduction in the share of
export earnings for cotton in favor of gold [2], cotton still remains the
most important agricultural crop. In fact, the cotton sector not only
provides labor for more than 350,000 farmers but also indirectly con-
tributes to the livelihood of more than 3 million people, taking into
account the entire chain and that of by-products, such as local oil fac-
tories and cattle food producers.
Around the year 2000, the government of Burkina Faso became
interested in Genetically Modiﬁed (GM) cotton. At that time, the cotton
sector in many developing countries was facing considerable problems
with pest damage [3], a problem aggravated by global warming [4].
This interest was stimulated by the deteriorating socio-economic si-
tuation in the cotton sector [5] and by the ﬁndings of Burkina Faso’s
National Agricultural Research Center (INERA) concerning the de-
creasing eﬀectiveness of conventional chemical spraying methods [1]
and their negative environmental and health impacts.
In collaboration with Monsanto, INERA began a 5-year program of
ﬁeld testing of Bollgard II®, a second generation of Bacillus thuringiensis
(Bt) improved cotton [1]. In parallel to the ﬁeld testing, biosafety leg-
islation and protocols governing regulatory oversight and approval of
biotechnology products were developed by the government. Two re-
gional Bollgard II® varieties were developed in 2008 and the Burkina
National Biosafety Agency authorized these two Bt varieties for seed
production and commercialization by national cotton companies. This
was a signiﬁcant milestone for Burkina Faso, being the ﬁrst commercial
use of Bt cotton in the country and the third commercial release of a GM
crop in Africa [1,6,7].
However, this move was not viewed positively by all stakeholders.
As in many developing countries, the debate around the adoption of
biotechnology in agriculture is still ongoing and lags behind the
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technology uptake. The opponents of GM crops have argued that the
introduction of agricultural biotechnology could threaten the survival
of indigenous crops and would negatively aﬀect biodiversity [8]. Be-
sides, in Burkina Faso, the lack of farmers’ knowledge regarding the
correct use of Bt-technology was one of the main concerns of the op-
ponents of GM crops. Along the same lines, Renaudin et al. [5], ques-
tioned the appropriateness of introducing GM cotton into the peasant
production systems in Burkina Faso. They point to the lack of in-
formation disseminated to the cotton farmers regarding management of
secondary pests and the concept of refuge areas, which are essential
aspects of this new technology. Also Vitale et al. [6] show that this
concern might be valid because farmers did not perform the re-
commended two late-season treatments to target the secondary pests
that are not controlled by the Bt-technology.
The introduction of Bt cotton in Burkina Faso is often described as a
success. For example, Vitale et al. [6,7,9,10], in a series of follow-up
studies, report the rapid spread (covering 70% of the cotton area), yield
performance (15–20% increase), improved economic returns for
smallholder farmers and the health and environmental beneﬁts due to
reduced pesticide use. Other authors, such as Renaudin et al. [5] and
Dowd-Uribe [11], are more critical and state that the social and agro-
ecological context of adoption is not given suﬃcient consideration.
Moreover, there is a growing awareness among researchers that the
voice of farmers needs to be heard in the GM debate [12]. In the light of
the recent decision [13] by the Government of Burkina Faso to suspend
the production of Bollgard II® cotton, and given the criticism that both
the spread and suspension of Bt cotton happened in a top-down way, it
is interesting to focus on the farmers’ perspectives concerning this
technology. In this framework, three objectives were identiﬁed. The
ﬁrst objective was to gauge farmers’ understanding and knowledge
about the concept of biotechnology and, more speciﬁcally, Bt-tech-
nology. The second objective was to assess the attitudes of farmers
towards Bollgard II® and the third objective was to look at their ex-
perience with the Bollgard II® crop and their views on the decision to
impose a suspension on its cultivation.
Background
Cotton was introduced in Burkina Faso in the 20th century [14].
Over time, Burkina Faso’s cotton sector has seen lots of changes, among
them the liberalization of the sector [15] as well as the creation of a
special research program dedicated to the improvement of cotton pro-
duction. Furthermore, in 1998, the National Union of Cotton Producers
(UNPCB) was established in order to give farmers a voice in decision
making. To date, the sector is administered by a dominant parastatal
company (Soﬁtex) and two private companies (Socoma and Faso
Coton). The traditional vertical integration between farmers and com-
panies, in which the cotton industries provide inputs, such as seeds,
pesticides, fertilizers, and technical advice still exists [16].
In 2008, Burkina Faso became the third African country, after South
Africa and Egypt, to commercialize Bt crops [17]. The 2008 approval
and production of seeds paved the way for the planting of 125,000 ha of
Bollgard II® cotton in Burkina Faso in 2009 – the most extensive single-
year biotechnology launch in Sub-Saharan Africa (SSA) to date [6]. In
addition, one year later, the adoption rate had already increased to 29%
and by 2014 it had reached 70% or a total of 454,124 ha [17,18]. In
2016, Pertry et al. [19] described the Bollgard II® case in Burkina Faso
as a role model for sustainable cotton production.
Bollgard II® cotton requires only two insecticide treatments to
control secondary pests such as aphids and jassids. This is in contrast to
conventional cotton which requires six treatments, with the initial four
targeting Lepidoptera and the last two targeting secondary pests.
Growing Bollgard II® cotton was expected to increase yields by up to
30% and to reduce pesticide use with positive eﬀects on farmers’ health
and the environment. INERA also recommended that the cotton
companies and the farmers’ union (Union Nationale des Producteurs de
Coton du Burkina, UNPCB) emphasize the need for eﬀective im-
plementation of two late-season treatments in order to guarantee yield
improvement and compliance with structured refuge areas to prevent
development of resistance to Bt toxins.
Overall, the eﬀectiveness of Bollgard II® in terms of pest control was
not questioned. There were only some concerns with respect to the ﬁ-
nancial risks for smallholders due to the high cost of the Bt seeds [5] or
about the lack of an integrated pest management strategy by the cotton
producers [5,6]. Nevertheless, in 2012–2013, the cotton companies
reported a shorter ﬁber length in comparison to previous years. Ac-
cording to INERA, this observation was reported to Monsanto and both
agreed to investigate the cause. In 2014, the use of the Bollgard II®
variety was determined as the main source. In order to avoid cotton
companies losing money on the international market owing to reduced
ﬁber length, the tripartite framework (Monsanto, INERA and cotton
companies) initially agreed to reduce the Bt cultivated land to 50%
while trying to ﬁx the genetic issue over a period of 3–5 years. In 2015,
however, the permanent consultative framework (Association Inter-
professionnel du Coton au Burkina, AICB) incorporating the govern-
ment, the cotton companies and the UNPCB, urged for the suspension of
Bollgard II® cotton cultivation and this decision was endorsed in 2016
by the government of Burkina Faso. This means that in 2016 only
conventional seeds have been distributed by the cotton companies in
Burkina Faso.
Materials and methodology
Study sites and sampling design
The study was conducted during the 2015–2016 agricultural season
in western Burkina Faso – an area administered by SOFITEX (Societe
Burkinabe des Fibres Textiles). Soﬁtex is the largest of three cotton
companies (see Fig. 1) covering more than 85% of the cotton cultivated
land and representing about 80% of the national cotton production [2].
Three districts (Dedougou-Bobo-Diebougou) were chosen along a north-
south gradient presenting diﬀerent agro-climatic characteristics. These
districts include 7 of the 13 Soﬁtex cotton ginning factories. A total of
12 villages were selected for the study (4 per district). Given that cotton
farmers are organized into groups in Burkina Faso (Groupement de
Producteurs de Coton, GPC) at village level, and their individual in-
terests could diﬀer depending on the type of farmer (Small, Medium,
Large) and/or the cotton variety grown (Bt or non-Bt), the sample was
designed to allow a pairwise comparison between the growers of the
diﬀerent varieties as well as between the types of farmer. The position
occupied by farmers in their GPCs (president, active member or simple
member) was also considered. In total, 324 farmers were selected.
Classiﬁcation of farmers was made based on the total cotton acreage
grown and the number of cattle pairs used for labor.
Structure of the questionnaire
The questionnaire focused on the appraisal of farmers’ knowledge,
perceptions, opinions and attitudes towards GM cotton production in
Burkina Faso, as well as on their experience. The structure of the
questionnaire is summarized in Table 1 (see annex). For instance, to
gauge farmers’ understanding about the use of Bt-technology, 4 state-
ments were developed to which the farmer could answer Yes/Not sure/
No. Furthermore, 7 and 3 point Likert scales were used, respectively, to
measure farmers’ opinions about the advantages of Bt-technology and
about the recent decision to suspend Bollgard II® cotton production.
Throughout the questionnaire, statements were formulated, both in
positive and negative ways, in order to test the consistency of the re-
sponses given by farmers.
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Data collection
The survey team consisted of ﬁve students recently graduated from
the Rural Development Institute of the Polytechnic University of Bobo
Dioulasso. The students were selected according to their previous
survey experiences and their native local language (Moore, Bobo,
Dioula or Dagara) to enable coverage of the predominant languages in
each district. Before interviews were initiated, the enumerators were
trained and exposed to the objectives of the study. Surveys were con-
ducted using a door-to-door strategy. Individual assessment was
adopted in order to avoid all external inﬂuences. Once at the farmer’s
home, the farmer was ﬁrst informed about the purpose of the survey;
then he was assured that his opinions would be kept conﬁdential and
that he did not have to represent the view of someone else. Each in-
terview took about 45–60min.
Statistical analysis
Data were analyzed using IBM SPSS Statistics (version 22). The data
were summarized and descriptive data analysis was conducted using
Fig. 1. Cotton growing zones in Burkina Faso (Soﬁtex, Socoma et Faso Coton).
Source: Vognan et al. [4]
Table 1
Structure of the questionnaire.
Clusters Description Method/tools Target group
Farmers’ knowledge and understanding Knowledge about Biotechnology and Bt
technology
Yes/No (6 statements) All farmers
Understanding on the use of Bt technology Yes/No/Not sure (4 statements) Type of farmers, Education level
and Position in the GPC
Farmers' perception towards Bt technology
eﬀectiveness
Agricultural practices, pest control, labor
times, etc.
True/False/Don't know (15
statements)
all farmers
Farmers' opinions about Bt technology advantages yield performance, income gain, farmers
wellbeing, etc.
7 points likert-type scale (from
1= Strongly disagree,….
Type of farmers
4=Neutral, …to 7= Strongly
agree): 7 statements
(Small, medium and large)
Farmers' opinions regarding health and
environmental eﬀects of growing Bt cotton
Health beneﬁt, environmental risk, etc. True/False/Don't know (6
statements)
all farmers
Farmers' opinions about Bt seed cost? Did farmers know how the Bt seed price was
ﬁxed?
Yes/No (3 statements) all farmers
Is this price aﬀordable for them?
Farmers' attitudes to pest management How many times have farmers sprayed their
cotton ﬁelds this year?
Based on the declaration of farmers
(1 statement)
Bt and Non Bt growers
Farmers's opinions and preferences regarding the
decision to abandon Bt cotton
Do farmers know why this decision was
undertaken? Do they agree with that?
Yes/No (2 statements) all farmers
3 point likert-type scale (Agree/
Neutral/Disagree)
Bt and non Bt growers
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means, frequencies and percentages. Chi-square and one-way analysis
of variance (ANOVA) were conducted to assess diﬀerences between
farmer types (small, medium, large), variety grown (Bt and Non-Bt) and
education level, as well as their position in the GPC (president, active
member, simple member).
Results
Basic demographic proﬁle of farmers
All of the farmers surveyed (100%) were male and the majority
were in the age groups 31–40 (39.2%) and 41–50 (43.4%) (see Table 2
in annex). Most farmers (over 80%) had not had any formal education.
Only 2.8% of the selected farmers had received formal education in
agriculture, 11.4% had followed primary education and 4.9% sec-
ondary. The overall experience of the selected farmers in cotton pro-
duction was slightly greater than 25 years. Seven years after the in-
troduction of Bollgard II® in Burkina Faso the farmers growing Bt had,
on average, 6 years of experience with this crop, but even those not
growing Bt at the time of the survey had tried it for 2 years, on average.
The farmers interviewed held diﬀerent positions within the GPC: Pre-
sident (15.7%), Active member (27.8%) and Simple member (56.5%).
Farmers’ knowledge and understanding of biotechnology and bt-technology
and its use
The majority of the farmers surveyed (over 90%) presented low
awareness and a poor knowledge of the core concepts of biotechnology
and Bt-technology (Table 3 in annex). Most terms and concepts ap-
peared to be new for the majority of participants. In spite of the ongoing
trials for two other GM crops (Bt maize and Bt cowpea) 97% of the
farmers interviewed had not heard about any biotech crops other than
Bt cotton. While the “No” respondents were the majority, a one way
ANOVA was conducted to see whether this knowledge was inﬂuenced
by education level. The test showed that there was a signiﬁcant dif-
ference (F(4, 319)= 215.22, p < 0.001). The small group of farmers
with a formal agricultural education background had signiﬁcantly more
knowledge than those with Secondary, Primary, Non Formal and No
education.
Farmers’ understanding on the use of Bt-technology was tested using
the four statements in Table 4 (see annex). More precisely, the
knowledge about the two late-season insecticide treatments required
and on the implementation of refuge areas was tested. Nearly 60% of
the selected farmers asserted that the two late-season treatments were
necessary to target secondary insects, whereas 32% of participants were
“not sure” versus 8% who did not know anything about this. Regarding
the required timing to apply the two late-season treatments, the “Yes”
respondents presented a slightly higher percentage (42.9%) than the
“Not sure” group (41.1%), while 16% of farmers surveyed did not really
know. As regards compliance with refuge areas, most of the farmers
(over 60%) were “Not sure” what this meant and how it worked.
Moreover, nearly 30% of respondents did not know anything about
refuge areas. Only 8% of participants knew what it was and only 3%
were able to explain how a refuge strategy should be implemented. To
explore whether or not there was a diﬀerence in understanding con-
cerning Bt-technology implementation according to farmers’ positions
in the GPC, a one-way ANOVA was performed. A statistically signiﬁcant
diﬀerence was found (F(2, 321)= 78.34, p < 0.001). A post-hoc test
(Scheﬀe test) indicated that the mean score for simple members was
signiﬁcantly (p < 0.001) lower than that of presidents and active
members. Presidents and active members did not diﬀer signiﬁcantly
(p=0.946). The overall mean score for respondents was 0.29
(SD=2.08, 95%CI=0.06, 0.22).
Farmers’ perceptions about bt-technology eﬀectiveness in cotton production
To appraise farmers’ perceptions about the eﬀectiveness of Bt-
technology, ﬁfteen statements (Table 5 in annex) were designed around
three keys points: agricultural practices, pest control and ﬁeld man-
agement. The questions were formulated both as positive and negative
statements comparing Bt and non-Bt cotton. Results show that farmers
did not adjust agricultural practices when growing Bollgard II® cotton
except for insecticide use. Over 95% indicated that they did not change
input quantities (fertilizers, herbicides, labor etc.). Farmers agreed,
however, that the quantity of insecticides used in Bollgard II® cotton
production was reduced. In addition, the eﬃcacy against lepidopteran
insects is illustrated by the aﬃrmation of the farmers that they never
resort to any additional insecticide treatment to target these insects.
Similarly, most farmers conﬁrmed that Bollgard II® plants resisted le-
pidopteran insect attacks. Furthermore, the farmers interviewed stated
that Bollgard II® cotton plants carry and retain more capsules than
conventional cotton due to their resistance to lepidopteran insects.
Overall, the majority of farmers expressed their satisfaction concerning
the elimination of the ﬁrst four pesticide treatments.
Farmers’ opinions concerning bt-technology
Farmers’ opinions about Bt-technology across three farmers’ groups
(small, medium, large) are reported in Table 6 (see annex). Regarding
the positive yield performance, small scale farmers are least convinced
that Bt cotton increases production (M=4.96, SD=0.864) compared
to medium size farmers (M=5.84, SD=0.877) and large scale farmers
(M=6.05, SD=0.741). Asking whether yield performance generated
an income gain or not, small scale farmers partially agreed (M=4.81,
SD=0.855), whereas both medium size (M=5.81, SD=0.755) and
large scale farmers (M=5.87, SD=0.628) agreed on the increase in
income. In addition, small scale farmers, on average, partially agreed
that Bollgard II® cotton production improved their livelihood, living
conditions and allowed them to increase their acreage due to the in-
come gain. Medium and large scale farmers were slightly more positive
about these eﬀects. Moreover, farmers were asked whether Bollgard II®
cotton growing enabled them to increase their land surface cultivated
with cereals and to recover their debts from the cotton companies. The
Table 2
Basic demographic background of the farmers surveyed.
Parameters No. farmers Percentage (%)
Age
up to 20 years 2 0.6
21–30 years 22 6.8
31–40 years 127 39.2
41–50 years 141 43.4
51–60 years 27 8.4
over 60 years 5 1.6
Education level
Non 103 31.8
Non formal 159 49.1
Primary 37 11.4
Secondary 16 4.9
Formal agriculture background 9 2.8
Type of farmers
up to 2 ha+1 cattle pair (Small) 108 33.3
between 2 and 5 ha+2 cattle pairs (Medium) 108 33.3
over 5 ha+more than 2 cattle pairs or tractor
(Large)
108 33.3
Farmers Position in GPC
President 51 15.7
Active member 90 27.8
Simple member 183 56.5
Experience Mean (years)
Farmer overall experience in cotton 324 26.7
Average Bt-experience of Bt cotton growers 162 5.8
Average Bt-experience of conventional growers 162 2.4
Gender: 100% of farmers are males (N=324).
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small scale farmers were, on average, neutral towards this, whereas
both medium and large scale farmers were more positive and partially
agreed. In order to test the hypothesis that farm size (small, medium,
large) could have an eﬀect on the level of satisfaction (using a scale
from 1: Strongly disagree to 7: Strongly agree), ANOVA was per-
formed.1 This found a statistically signiﬁcant eﬀect F(2, 321)= 22.189,
p < 0.0001. To further evaluate the nature of the diﬀerence between
the three farm sizes, three Scheﬀe post-hoc tests were conducted. The
mean score for small scale farmers (M=5.08, SD=0.41,
95%CI=4.99, 5.05) was found to be signiﬁcantly (p < 0.0001) dif-
ferent from that of medium size (M=5.44, SD=0.54, 95%CI= 5.34,
5.55) and large scale farmers (M=5.46, SD=0.47, 95%CI=5.37,
5.55). Medium and large scale farmers did not diﬀer signiﬁcantly
(p=0.976). The overall level of satisfaction in the sample was 5.21
(SD=0.57, 95%CI=5.1, 5.3) reﬂecting that farmers have a partially
positive attitude.
Farmers’ opinions regarding the health and environmental eﬀects of growing
bollgard II® cotton
Based on the lower use of pesticides in Bollgard II® cotton cultiva-
tion, six statements were developed to capture farmers’ opinions about
health and environmental risk management. A combination of positive
and negative statements was used. Outcomes reported in Table 7 (see
annex) revealed that all respondents agreed entirely with the ﬁrst three
statements. They agreed that the reduction in pesticides used was
Table 3
Farmers’ knowledge towards Biotechnology and Bt technology core concept.
Statements Yes No
N % N %
Q1. Have you ever heard about Biotechnology concept in agriculture? 31 9.6 293 90.4
Q2. Do you know that Biotechnology is a product of molecular biology based on genemanipulation and can be applied in agriculture improving local
varieties?
11 3.4 317 96.6
Q3. Do you know that Bt cotton is a biotechnology variety? 31 9.6 293 90.4
Q4. Have you ever heard about another biotechnology crop other than Bt cotton? 7 2.2 317 97.8
Q5. Do you know that Bollgard II (Bt cotton variety) has been obtained by introducing a Bacillus thuringiensis gene into your local varieties (FK37 and SAM
59)?
20 6.2 304 93.8
Q6. Do you know that Bacillus thuringiensis is a bacteria and its gene gives power to plant to naturally defend itself against lepidopteran insect group in
cotton production?
9 2.8 315 97.2
The highest scores are given in boldface. Cronbach’s alpha= 0.828.
Table 4
Farmers’ understanding of Bt technology use.
Statements Yes Not sure No
N % N % N %
Q7. Before growing Bollgard II, did you know that it requires only 2 late-season sprays targeting secondary insects? 192 59.3 105 32.6 27 8.3
Q8. Do you know at what stage of the production you may apply the 2 late-season sprays? 139 42.9 133 41.1 52 16
Q9. Before growing Bollgard II, did you have any idea about refuge area management intended to prevent lepidopteran insects’ resistance? 26 8 202 62.3 96 29.6
Q10. Do you know how refuge area work? 12 3.7 212 65.4 100 30.9
The highest score are given in boldface. Cronbach’s alpha= 0.859.
Table 5
Farmers’ perception about Bt technology eﬀectiveness.
Statements TRUE FALSE Don't Know
N % N % N %
Q11. Bt cotton production requires the same inputs quantity in term of mineral and organic fertilizers like conventional cotton
production.
319 98.5 2 0.6 12 3.7
aQ12. Bt cotton production changes my current agricultural practices such as labor, sowing, weeding, etc.). – – 312 96.3 12 3.7
aQ13. Bt cotton increases my manpower (internal and/or external) compared to conventional cotton production. – – 312 96.3 12 3.7
aQ14. Since I grow Bt cotton, the quantity of insecticides used doesn’t change. – – 322 99.4 12 3.7
Q15. Except the reduction of the number of sprays, Bt cotton production does not present any diﬀerence compared to conventional
cotton.
312 96.3 – – 12 3.7
aQ16. Bt seeds present a weak rate of germination compared to conventional cotton 2 0.6 312 96.3 10 3.1
Q17. Since I grow Bt cotton, the shedding of capsules attributed to lepidopteran insects attack has utterly disappeared. 312 96.3 – – 12 3.7
Q18. Since I grow Bt cotton, my cotton plants retain more capsules owing to the absence of lepidopteran insects attack. 312 96.3 1 0.3 11 3.4
aQ19. Bt cotton presents a long cycle of production comparing to conventional cotton. – – 315 97.2 9 2.8
Q20. Since I cultivate Bt cotton, I do not observe lepidopteran insects attacking and damaging my cotton ﬁeld. 312 96.3 – – 12 3.7
aQ21. Since I grow Bt cotton, sometimes I use more than 2 sprays because of lepidopteran insect attack. – – 312 96.3 12 3.7
Q22. I agree that the Bt cotton variety that I grow resists quite well lepidopteran insects attack. 312 96.3 – – 12 3.7
Q23. By cultivating Bt cotton I save much labor time due to the reduction of the number of sprays (2). 321 99.1 – – 3 0.9
aQ24. Bt cotton ﬁeld management is more painful compared to conventional cotton – – 315 97.2 9 2.8
Q25. With Bt cotton, the painfulness due to spraying machine carrying is quite reduced. 321 99.1 – – 3 0.9
a Questions formulated in an opposite way. The highest scores are given in boldface. Cronbach’s alpha= 0.962.
1 First the assumption of homogeneity of variances was tested and satisﬁed based on
the Levene’s F test, F(2, 321)=0.395, p= 0.674.
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beneﬁcial for health; that it greatly reduced the burden of spraying and
that, at the same time, it protected water sources. A large majority of
the farmers also agreed that growing Bollgard II® did not constitute a
threat to their livestock and that the presence of bees, termites and ants
increased in their ﬁelds.
Farmers’ attitudes to pest control management
The introduction of Bt cotton in Burkina Faso has eliminated the
ﬁrst four treatments targeting lepidopteran insects. However, the two
late-season treatments against secondary insect attacks are still re-
quired. Table 8 (see annex) outlines farmers’ pest management prac-
tices. Based on farmers’ declarations regarding how many times they
sprayed during the ongoing agricultural season, more than 80% of the
growers (Bt and Non-Bt) confessed that they sprayed their cotton ﬁelds
less than the number of times recommended by INERA. The majority
(71%) of Bt growers sprayed once, whereas 75% of conventional
farmers sprayed three times. The proportion of farmers who applied the
recommended number of treatments was respectively 19% for Bt and
6% for Non-Bt growers.
Farmers’ opinions about bt seed cost and the decision to forsake bollgard II®
cotton
During the surveys, the Bt seed price ($45/ha) was mentioned by
the majority of the farmers as the main constraint for the adoption of Bt
cotton. To collect farmers’ opinions about the current price, three
statements were developed. The ﬁrst was to see whether they knew how
the price was ﬁxed; then they were asked to respond whether or not the
Bt seed cost was aﬀordable. The last statement sought to understand
whether the current Bt seed cost enabled their GPC to cover the debts
from cotton companies at the end of the agricultural campaign.
According to the cotton companies, the Bt seed price is ﬁxed with the
agreement of UNPCB based on the following formula: (Non-Bt
seeds+ 6 sprays) cost= (Bt seeds+ 2 sprays) cost. In this way, the
higher price of Bt is oﬀset by the elimination of four treatments. The
results in Table 9 (see annex) showed that 91% of the farmers had no
idea about this formula. Furthermore, 90% of the participants judged
that the current price is unaﬀordable. As to the last statement, a con-
tradictory view emerged, with 56% of respondents agreeing and 44%
disagreeing.
As described above, cotton companies ﬁrst began reducing Bt cul-
tivated land to 50% in the 2015–2016 rainfall season, followed by its
complete suspension in 2016–2017. To assess farmers’ opinions re-
garding those decisions, participants were ﬁrst asked whether they
Table 6
Farmers’ opinions about Bt technology advantages.
Statements Small (N=108) Medium (N=108) Large (N=108)
Mean SD Mean SD Mean SD
Q26. Since I grow Bt cotton, yield increases in comparison to conventional cotton growing. 4.96 0.864 5.84 0.877 6.05 0.741
*Q27. Since I grow Bt cotton, my income gain is increasingly getting lower. 4.81 0.855 5.81 0.755 5.87 0.628
Q28. Since I cultivate Bt cotton, my livelihood has been improved owing to the high income. 5.20 0.707 5.36 0.779 5.40 0.896
*Q29. Bt cotton growing doesn’t allow me improving my living conditions. 4.93 0.680 5.34 0.699 5.33 0.684
Q30. With Bt cotton, my income gain helps me increasing my cereals cultivated surfaces. 4.31 1.073 5.19 0.990 5.20 0.925
*Q31. With Bt cotton, my GPC use to face diﬃculties to cover debts of cotton companies. 4.04 0.669 5.10 0.785 5.02 0.736
Q32. The income generated in Bt cotton production allows me to gradually increase my land. 4.81 1.104 5.49 0.791 5.48 0.742
Statements marked with an asterisk were coded in the opposite direction because disagreement with such statement means a positive opinion towards Bt-technology. Cronbach’s
alpha= 0.752. On a scale from 1= Strongly disagree to 7= Strongly agree. SD: Standard Deviation. N: number of farmers.
Table 7
Farmers’ opinions regarding health and environmental saving by growing Bt cotton.
Statements TRUE FALSE Don't Know
N % N % N %
aQ33. Reduction of number of sprays does not present any eﬀect on my health. – – 324 100 – –
Q34. Since I grow Bt cotton, my pains after sprayings are abated because of less sprays. 324 100 – – – –
aQ35. Less use of insecticides doesn’t protect our water sources. – – 324 100 – –
Q36. By cultivating Bt cotton, we reject less pesticide containers in the environment. 322 99.4 – – 2 0.6
aQ37. Bt cotton ﬁelds present a threat for my livestock feed. 2 0.6 321 99.1 1 0.3
Q38. Since I grow Bt cotton, I use to observe in my ﬁeld bees, termites and ants. 320 98.8 2 0.6 2 0.6
a Questions formulated with negative aﬀect. The highest scores are given in boldface. Cronbach’s alpha= 0.762.
Table 8
Farmers’ attitudes in pest control management implementation.
Farmer type Variety Number of Sprays
N=324 N=324 0 1 2 3 4 5 6
Small Bt (n= 54) 16 32 6
N=108 Non-Bt (N=54) 1 9 44
Medium Bt (n= 54) 42 12
N=108 Non-Bt (N=54) 4 41 6 2 1
Large Bt (n= 54) 41 13
N=108 Non-Bt (N=54) 37 4 4 9
Total Bt (%) 9,9 71 19.1
(%) Non-Bt (%) 0.6 8 75.3 6.2 3.7 6.2
*Chi square small (3)= 89.7, p < 0.001*Chi square medium (5)= 96, p < 0.001 *Chi
square large (5)= 108, p < 0.001*Chi square total (6)= 283, p < 0.001. The highest
scores are given in boldface.
Table 9
Farmers’ opinions about the decision to forsake Bt cotton.
1* 2* 3*
Bt Growers N 3 15 144
% 1.85 9.3 88.9
Non-Bt Growers N 2 17 143
% 1.2 10.5 88.3
Total N 5 32 287
% 1.5 9.9 88.6
The highest scores are given in boldface.1*= agree, 2*=Neutral, 3*= disagree; *Chi
square (2)=0.328, p=0.849.
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knew why the Government envisaged abandoning Bt cotton. A 3 point
Likert-type scale (Agree/Neutral/Disagree) was used to collect farmers’
views about the decision to suspend Bollgard II® cotton. The majority of
the farmers interviewed (90.7%) stated that they were surprised at the
beginning of the 2015–2016 agricultural campaign when the cotton
companies decided which GPCs had to stop Bollgard II® cultivation.
Similarly, slightly more than 90% of the participants indicated that they
had no idea about the reasons that led to the decision to abandon Bt
cotton. Subsequent to the limited knowledge about the reasons behind
the decision to suspend Bollgard II® cotton, shown in our surveys, 88%
of respondents disagreed with the decision to suspend Bt cotton,
whereas 10% remained neutral versus less than 2% who agreed.
Discussion
The farmers in this study showed poor knowledge concerning the
core concepts of biotechnology and Bt-technology. A similar observa-
tion of a very poor understanding, awareness and knowledge among
farmers was also made by Lewis et al. [20] in Tanzania concerning GM
technology and terminology. Despite the involvement of UNPCB
throughout the Bt cotton introduction process and 7 years of experience
with Bt cotton, many farmers were still unaware of the need to install
refuge areas. However, the study found that farmers’ understanding
towards Bt-technology implementation in cotton production was
strongly aﬀected by the position they occupied in their GPC. Indeed,
results revealed that presidents and active members of the GPC had an
average knowledge while a large majority of the simple members were
ignorant about the use of Bt-technology. This observation could be re-
lated to the cotton production system and service extension system in
Burkina Faso. Due to the high number of GPCs (over 12,000), the
training for farmers in ﬁeld management is organized at departmental
(or provincial) level and covers at least ﬁve villages, thus including
more than 200 GPCs. Therefore, only the presidents and/or some active
members attend this awareness training. In theory, the participants
should update farmers who did not get the chance to participate. The
same operating mode was used with the implementation of Bollgard II®
cotton, with no changes, in spite of the recommendation by INERA
urging emphasis on the two late treatments to target secondary insects
and on compliance with the refuge strategy.
During the ﬁeld visits, cotton companies’ ﬁeldworkers, commonly
known as ATC (Agent Technique Coton) were also interviewed. They
are elected to assist and monitor producers’ ﬁeld management. It was
striking that most of them could not explain how the implementation of
refuge areas works. Some who gave a correct explanation confessed
that it was quite diﬃcult to implement the refuge strategy without ﬁrst
changing farmers’ behavior based on their current agricultural prac-
tices. Stone [21] warned that, in Warangal in India, the overall income
gains from Bt cotton could be undermined by the widespread lack of
understanding and practical implementation of refuges by farmers. The
same was reported by Kruger et al. [22] in the context of Bt maize
introduction in South Africa.
Our data also seem to suggest that the cotton companies in Burkina
Faso gave insuﬃcient support to the farmers with respect to Integrated
Pest Management (IPM) strategies. As a consequence, the majority of
the farmers surveyed, over 80% of both Bt and conventional cotton
growers, do not respect the guidelines put forward by INERA in terms of
spraying. In his research looking at the 2009–2010 season, Renaudin
et al. [5] also found relatively low compliance with the recommenda-
tions among Bt growers, with 40% following the recommendations and
an average spraying frequency of 1.1. Such low compliance was re-
ported by Vitale et al. [6] as a thread for both yield and economic
performance in Bollgard II® cultivation. In his study, conventional
farmers, however, sprayed 5.7 times, on average, with 81% applying
the six recommended treatments [5]. This has changed drastically in
our study, where less than 10% of the conventional farmers comply.
There might be several reasons for this. One reason might be the
existence of spillover eﬀects due to a change in pest dynamics and
pressure caused by the high coverage of Bt. Such eﬀects have also been
reported in other studies [23,24]. Another reason could be that farmers
are reluctant to revert to spraying six times.2 Discussion with farmers
on the decision to suspend cultivation of Bt seems to conﬁrm this, as
many farmers claim that they will no longer apply the six recommended
sprayings. Moreover, they feel that the spraying calendar, which re-
commends spraying every two weeks from the beginning of the seedling
stage, is not suﬃciently ﬂexible.
Even after eight years of experience with Bollgard II® cotton, the
majority of farmers claim that the right timing for the two late-season
sprays is unclear and a large majority are unaware of the importance of
the refuge areas. These observations support the claim made by
Renaudin et al. [5] concerning the appropriateness of the introduction
of Bt-technology into the farming system of Burkina Faso given the lack
of information dissemination to the cotton farmers. In the long term,
this will certainly have adverse eﬀects and will negatively inﬂuence
Bollgard II® cotton yield performance. Similarly, the importance of pest
management practices was shown in a study by Berlin’s Ecologic In-
stitute [25]. Reviewing 721 case studies and comparing the yield per-
formance of GM crops with conventional crops, they show that the
highly diﬀerent results in diﬀerent countries can mostly be attributed to
this. Recent studies in Benin [26], Kenya [27] and Pakistan [28] show
that eﬃcient integrated pest management remains a challenge, both in
Bt and conventional cotton production. All these studies attribute this
to the insuﬃcient knowledge of farmers concerning the implementation
of integrated pest control strategies.
The farmer’s point of view on the social impacts of Bollgard II®
cotton has also been tackled in this study, looking at aspects such as
social wellbeing, economic resilience and environmental integrity. The
opportunity to reduce pesticide quantities by two-thirds was cited as
the main reason by the majority of farmers to explain the rapid adop-
tion of Bt-technology. The technology not only improved their own
wellbeing in terms of health, but also reduced the pesticide burden
upon the environment. Furthermore, yield gains were also reported.
This is in line with studies by Vitale et al. [6,7,10]. The same conclusion
was reached by Renaudin et al. [5], who also highlighted the increased
ﬁnancial risks for smallholders due to the high cost of the Bollgard II®
seeds. This study showed that the level of satisfaction of farmers re-
garding Bt-technology depends on the type of farmer (small, medium,
large). While large and medium sized farmers tended to be largely
positive, small scale farmers were more neutral. This ﬁnding of diﬀer-
ential eﬀects is in line with past studies in other countries. For instance,
Subramanian and Qaim [29] in India also indicated that greater beneﬁt
is generated by larger farms and Arza et al. [30] demonstrated that, in
Argentina, smallholders become increasingly reliant on middlemen
with the introduction of Bollgard II® cotton, reducing the beneﬁt. In
contrast, Bennet et al. [31,32], in South Africa, found that smallholders
obtain greater economic beneﬁts from growing Bt cotton than farmers
with more land. In Australia, Sanchez [33] showed that, due to suc-
cessful pest management, beneﬁts are shared by the diﬀerent groups of
farmers. Fischer et al. [34] reviewed 99 case studies and showed how
the economic impacts of GM cotton adoption for diﬀerent groups of
farmers were very mixed and that the political and regulatory context
had a signiﬁcant impact on the ability of diﬀerent groups of farmers in
diﬀerent locations to beneﬁt. Speciﬁcally in Burkina Faso, the results
from the previous studies did not specify diﬀerences between farmer
groups [6,7,9,10].
The high seed cost was perceived by the majority of the farmers as
the main constraint aﬀecting the economic beneﬁt of Bt cotton. While
Renaudin et al. [5] demonstrated how economic beneﬁt for small scale
2 It is important to note that most of the farmers growing conventional cotton in our
sample also have experience with growing Bt. This is related to the top down distribution
of seeds by the cotton companies in Burkina Faso, which decide annually which type of
seeds are distributed to each GPC.
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farmers was impacted because of the extra seed cost in producing Bt
cotton, Vitale et al. [6,7,10], in contrast, estimated that the higher seed
costs for Bt were oﬀset by the elimination of four treatments. As a
consequence, they found no signiﬁcant diﬀerence between production
costs for Bt and conventional cotton. Subject to an in-depth investiga-
tion, our study notes that the higher seed cost for Bt will aﬀect proﬁt-
ability. This is because nearly all farmers surveyed recognized that the
recommended 12 kg of seeds per hectare for Bollgard II®, and even the
30 kg for conventional cotton, are insuﬃcient. Therefore, they always
use extra seed to overcome the lack of germination due to rainfall ir-
regularity at the beginning of the sowing period. As a result, farmers
used at least 1.5 bags of seeds (bag of 12 kg or 30 kg) instead of one bag
(as advised) to sow one hectare.
Finally, the decision to suspend Bollgard II® cotton production in
Burkina Faso was evaluated. It was shown that farmers and the gov-
ernment did not share the same point of view. As described above, in
2016, the issue of shorter ﬁber length for Bollgard II® cotton had al-
ready been known for some years, and the cotton companies and the
Burkina Faso government were losing money on the international
market. It should be noted that this did not translate into ﬁnancial
problems for farmers, as the Bollgard II® cotton farmerd were rewarded
according to the harvested yield. A breeding plan developed by INERA
to maintain Bollgard II® whilst trying to resolve the issue together with
Monsanto, in order not to disorient farmers in their current practices
because of the familiarity created with Bollgard II® cotton, failed to
convince the other stakeholders (cotton companies, AICB and the
government). Therefore, the short term proposition by INERA to pro-
gressively reduce Bollgard II® cultivated land was only followed for one
year (2015–2016). After that, the decision was taken to abandon
Bollgard II® cotton. During our surveys, some farmers claimed that, due
to the decision to reduce the area cultivated with Bollgard II®, they were
obliged by cotton companies to grow conventional cotton against their
will. As a consequence, certain farmers obtained Bollgard II® cotton
seed from their friends in neighboring villages and mixed Bt and con-
ventional cotton on the same plots. This shows that such a ban, opposed
by the farmers, might result in situations such as that described by
Fischer et al. [34] in Argentina and India where uncertiﬁed Bollgard II®
cotton seeds of dubious quality circulated on the market. There is a risk
of the proliferation of a black market for seeds, as has happened for
mineral fertilizers and herbicides.
Conclusion and recommendations
This study focused on the perceptions and opinions of farmers in
Burkina Faso concerning the cultivation of Bollgard II® cotton. Five
main results can be highlighted:
i) Knowledge of farmers concerning biotechnology and Bt-technology
is limited and depends on their education level and their role within
the GPC. The diﬀerences in knowledge are furthermore con-
solidated by the operating mode of the cotton companies, which
does not involve simple members of GPCs in the awareness training
provided by the ﬁeldworkers from the cotton companies. As a re-
sult, not all information seems to trickle down.
ii) The regulatory oversight of the implementation of Bt-technology is
inadequate. This is illustrated by the lack of compliance with pre-
scriptions concerning structured refuge areas. The risk of the non-
implementation of the refuge strategy was ignored by both farmers
and ﬁeldworkers.
iii) Farmers’ compliance with recommended pest management strate-
gies is low. Several farmers, for example, stated that Bollgard II®
cotton does not require any treatment: “the main problem in cotton
production is lepidopteran insects. So, with Bollgard II® cotton we
don’t need any insecticide treatments because the damage from
secondary insects is not important”. The speciﬁc recommendation
for two late insecticide applications to control aphids and jassids
was only implemented by 19% of Bollgard II® cultivators. In con-
trast to earlier studies, the compliance of farmers growing con-
ventional cotton with the recommended six sprayings was ex-
tremely low. Further research needs to be conducted to explain this
trend.
iv) Even though diﬀerent appreciation levels for the income gain
generated by Bollgard II® cotton adoption were observed between
farmer groups, the study found that the majority of farmers were
satisﬁed. However, the main constraint underlined by the farmers
was the perceived seed cost. Most farmers do not realize that pro-
duction costs are kept the same for conventional and Bollgard II®
cotton, as some of the insecticide cost (in terms of the four early
applications that are not needed) is included in the seed price for
Bollgard II®. Investigation into the Bt seed pricing policy revealed
that there was a greater divergence between the farmers’ organi-
zations and their base membership. While cotton companies stated
that farmers are involved in the pricing strategy through their na-
tional union, farmers on the ground were unaware of what was
decided and where the decision came from. This observation
highlights the need to reinforce a mode of communication which
would enable farmers to be regularly updated.
v) Finally the decision to suspend Bollgard II® cotton in Burkina Faso
was perceived to be bad by the majority of the farmers. Cotton
producers are being paid for the cotton produced and they dislike
the fact that four extra insecticide treatments will be needed once
more and that the result will be a reduction in yield, and thus re-
duced income. There is a high risk that the majority of farmers will
not respect the treatment guidelines for the production of conven-
tional cotton and this is in the context of cotton production already
characterized by a lack of integrated pest management.
To conclude, while the experience of Burkina Faso was perceived as
a sustainable agricultural model, the adoption of Bt cotton in Sub-
Saharan African (SSA) countries is now being hampered due to the
ongoing debate around the quality of Bollgard II® ﬁbers. However, to
guarantee the success of Bt cotton in the farming system of Burkina
Faso, after having ﬁxed the ﬁber length issue, dissemination of
knowledge needs to be improved, as highlighted by Renaudin et al. [5].
This extends to the general role of the government to create public
awareness about biotechnology. Furthermore, to understand the gap
between, for example, knowledge about pest management and com-
pliance, adoption of a new multidisciplinary assessment approach will
be required, taking into account parameters such as farmers’ behavior.
As Dowd-Uribe (2014) writes [11], throughout its evaluation it is cru-
cial to focus on how this technology is embedded within a social and
agro-ecological context. This will allow greater understanding of the
impacts.
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